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ABSTRACT 

1x1 urder to  facilitate further st'url:iles  of waten in t,he inkmtcllnn tulcdi:uw, flit cn~clopos of lacc ~ y p c  stars, 

jets,  and sHocked  regi'ons, the Bequenaies of  1Z newly twamrrrd H%'% Crnnsklnns bonvoow 0.841 m d  1.575 

THz me reported. A! oomplete upd'ate nf th!e ava.ilx:hla watcr I'irue fneqlwxics and a c1etailc.d mzlcwlzthn 

t r f  unmeasured  rotational' transitions  and transition ilntmsitries as H,  function nf ternparam-c m e  presented 

fun the gmund  and va = U state leveh Helow 3000 om-' of exci.i!ation  energy, The new THz tcalusitiions 

-wwrn mcasured with a necentl?, developed laser diffenence frequency spectrrmetcr. Six of these transitiam 

mise f n w n l  the 2 4  1 1. state  and tlie other eleven are ih the gronnd state; all hhve  lluwer state energies 

knnx 3OQ to 1250 ornl-.' and should he accessible to SOFlIAl through  the atmosnhere. The tramsitions near 

n.XM TTTz a,re accessible from the ground  with cxistling  reoeivers.  Olbsenvations of the mwly  meamred 

P- = 1 st;%at.c dnawitinns, which inohlde tlie 11,1 - Oo,n fundsm~ental at  1.2057, TBz and fiva ntlher very low 

J Cmmi'dions, sliuntcl pruvide valuable insights into role played by the 14 2 1' state in the aoolling dynamics 

o6 ~hocks, mmers, and  stmngly infirared pumped regions. The 1,ine llst is presented ta assist in the 

Suhjcrr. IIcndings: intnnstelban molecules - lahnratory specbra - line identifioation - molecular process 
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E. INTROIDUICTION 

Among th‘e rnirla,d comp,ounds now deteotcrl in Che hc.rwx11nr medium, wmcr ccraiw a ~pccial 

signifiaance. &om1 the a8mosp;heres of ht,e type  stars  or bcomm dlwwfs lu cbsnsc. nuolcoulx clouds 2nd t l h  

young staw they, giw  birth  to, water p;lays a critioal. role i.n thu dllermical and physical evulution of gx-1,uci‘r.s 

~ w h  as our own. Its  strong dipole moment a:llows water vapnr to contcilblt~ substa~m’lnlly tn t.he oooling 

of irherstAar gas over, an extiraord2nary span of densities and  tamperatmas, wtillc i.Cs hyrlnagen holding 

capnbiliticrs giive it, “11nivensa:U solvent?’ propert,ies, and1  alllow iii to exist ih a: Uilq,uid or solid stat,e ovcr x wide 

wnge of  phtysical candiiiions. As SIIOM, waker  ice ils the domiinant component of valatille grain mantles  in dense 

molrculan cllouds and planetesimals the outer regions of the solar system, whtilile the llife as we know  it, would 

bc rcstricttrd Eo the so-called habitable zanes around  stars in. which tarrestvial  planets can  maintain liyuiltl 

wm.r.r nn thcir, surfa.r:es  over  geolloglcal timesoales (Kasfing,  Whltrnire & Rleynalds 1993). 

Observation uf ext.rdennestria1 watler vapor has always posed a majon experimental ohallenge, h’owaver, 

duo to i.t‘s presenoa in1 the ealltlll’s a!tmosphere. Indeed, water  vapor provides the major sowae of atmospherlc 

opa.c$cy D I ~ I  the milliracter-wave to far-infrared spectral negion, and  the need for ]low conoentrations of 

acmo&horicl w t e x  i:s the pri‘msry sclection oriterla fon the  ktacama Uavge Millimeter Array (ALMA] and 

Sou~li Poln submtillinwtor.  sit.es (Rdfard & Holda,way  1998; Matsuo, Sakamntn & Matushima 1998).  Despite 

oUr: lcxv prooipitable wat,cr cal’umns at these, sites, thete  are stiUli large regions of completely lnaccessibile 

hqwclzrics dun d n  ammsphcri’n shsnnpt.ilotr.  For. ahiserwtions from the  Stratospheric Obiseevatory For Infrared 

A n t r l m x q  (S’OFVA), t.he problem is lcss severe due to the increasedl altitude, however, direct  studios of the 

srrongnsr tr,znsi’i?ms n.rc d i l l  p,ronll~ded hy the atmosphene. This problem is partilmlanly acnt,e for the low 

lying ground sfatc frmskiuns w w  knuwtr to dhminak  the intwstellan spectrum. 

In npitrr i d  r:h nbsnnmional difficult.irs> a numlm of water tmnsitions, b‘otlh from the  parent isotopomer 

and h-,m isotopically aubstkl~ted spcci,w mdi a3 H2I80 and HDCT, have been observed from the  ground 

and tlic Kuipcr Air.bnrnn Ohsonaton: (ICAO).  Mnru recently, a large mlmher of  warfer transitions have been 

obsonrcd both in omisaion and disonyti‘on by ttie spcctxosoupic instruments onboand the Infrared  Space 

Obsorvatlxy (130) (0.g. Kouhld  ct al:. 1996 and Liu et. al. ICJSG]. Two smalili ohsecvatiories, NASA’s 

Submilli’mnmr 1nl.r: Asrrrmxny Snwllite (.SWAS) alnd t,he Swedlish Space Corpona,t,icm’s ODIW, are beginning 



sermilce wi,th Uhe primary missim goal being obsommdions oT tllh 557 GIIa wadcr luudanwntlal {Mclnick 1993, 

Melnick eb al. 1996). On longer ti,mescalles: f h  Fw-InfraRecl Spnc-c Tclcncopo (FlRST)' mission oflocs tho 

potential for. debailed studies orf lalrge numhrs nt: water lines,  Inclluding the mgjorlty o f  t h l m  prosoncad horn, 

free of the usnal atmospkria restrictlinns. 

The prevalence of water  in the atmosphere and  the extensive st!~~di.es nndcrrtaken to examine it,s P&CU cm 

t,llle transn1;ission of electromagneeic uommllniloation signals notmithstanding, prek t ion  of waten rr.aInsi,tions 

wit,H tlfo kind of acollracy reqlired for heterodyne  ahservations rema.ins an ehl .ve goal. AI number nf authars 

have athenipbed a wide variety of analysis techniques w2th limited success. TJrrfbrtunatlely, none of these 

mrihods haw enahled the prediction of previously unobserved transitions  to milcrowaxe precision. Tnfra.red 

tbngitions o m  now be accurately  predicted to very high J and Ka values, however, and  there is uonsidera.ble 

l h p ~  thaU  n.ddlit.ional high resollition data, espeoially in the vz = 1 state, will1 facilihte  the  same for the 

~ u b ~ ~ ~ l l i n ~ e l ! e r - ~ ? ~ ~  transitions.  The current state-of-thle-art in the oalculation of water frequencies is t,n  use 

s potont:ia.l energy eurface hased on ah initio calculations (Plantridge & Schwenke 19971. Several different 

nwtliGsds I>[ genel:atilng a1J initiia line lists kave been developed (Viti, TennyBon & P.crlyansky  19971, and  they 

haw prrxvn usefu! in assignment: of. the sunspati spectrum (Tennyson & Polyansky 1998, Polyansky et al. 

1997a, PnlyxLqIA1 el XI. 1997b). Under, favnra,hle conditlions, the  ab initio  accuracy appears to be hetker than 

0.01 n111-l. This translatm t u  errurs of several hhmdred hlMa in the pure rotational line frequenoies, which is 

insulIi'cicnt. fix hnr'nrockne astmmlonql  aequirenuents. As a vesnlt, it is still1 neoessary to utilize fits ta observed 

d x n  Gr an nccurnt'c detetel:mtnar;ilun of tihe watea vapor, pure rotat3onal spectrum. 

'Rm disciunn nmdic>d,s inn fit,ting expocimentnl waher spectra have heen proposed and  demonstrated in 

tho litoratncc: 11 cflcctiw applraanlies t.o tlie rotational Hamiltonian, such as Pade seuies (Bnrenin et al. 

1983, ITurnnin k Tyut.nrn\r 1983), Bural approximates (Polya.ansldy 1985, Belov et, al. 1987), and generating 

lu.ull.othn,s (Tyutom. 1992, St:asikuv, Talikllnr: & Put,erev 1992; Mildhlailienko et al. X997); and 2) a notentiall 

Iumtitm t'lix dcncri.bcs m o  nr nlme vi:hratinnal degrees nf  fneedom (uwally thle bend) is combined with an 

clrcctivr. IIamiltonin,n t l h c  addresses thk rclnalininlg dagrees of  freedom1 (Jensen 1989; Coudert 1992, 1994, 

ISS-il]. Thc bnnt rnsults will most likely emergrr frum the a.pplic.atior1 of tKe second method using a version of 

d 6 r  Pmfcidgc Jlr Sch4\~cvkc (199i.) potential wrfane, empirically modified tor repnodwe  the highest observed 



levels (eg. Csaszar  et 81. 1898), ancll Rn efbcsivc IIsnuiltonim fit to tho oxporinuontsl data  to Rocurn Cho 

extra prcciision needed. UnfortmatelR aalculafions of tlds kypc Law noi yot nmnegcd to acliicw tXr. sccucacy 

needed for predictions of unobserved transitions with hktenodpnc resolui5o.n (Coudortl 1997). S~>nun of: tfirc 

disparit,y is due to  the relatively small nurnher of very hligh resokutionl rneasur~mcnt.~, especially in tlir! u.3 = 1 

st.ate. Qver the last few ycars a numben of high resnlution far-infrared and infrared stlldies 11~c.c: tieen natrnied 

out,, greatly improving the quarlitiy af the available wa,ter line data.. In this paper. WQ have re-analyzed the 

gcnu.nd and v2 7 1 st,at!e watec spectra with a nonqower secles  effective Hamiltonian. This approadi has 

rcpcoduced t,he data! to withiln a faator of two of the experimental pracilsions and  aainted out a n t ~ n h ~  af 

pstcnti.al  nrohlsnls witih t,he existing data set;. 

The  other difficult pnobllem in  water spectrosoopyi is thle accurate predliatian of relhtive and  absolute 

lim imensi.ties. The cllrrenti  wisdom is to use a power series expamion of the dip,ole moment tensor 

(Sulim 8 W&,s 1.991; Shostak, Ebenstein, & Muenter, 1991;  Shostiak 8.Z Muenter. 1991; Kjaergaard et al. 

1S94: I(jxcrgaarr1 ,b Honry 1994; Mengel & Jensen 1995; Coudert: 19971 Toth 1998). The dilpolle expansion 

prcrsnntnd in t.he latten of fbese references is in good agreement with the observed data for J < 15.  However, 

tho dipdo oxpansion han yet to be  applied to highly excited levels, and is therefone llkely, to suffer frorrl t:We 

~ x n ~  prt>blnnLq R S  Lhse onorgy level calculations. As a: rcsulltt,  littrle is known ahout how well these dipole 

cxpamni'om will  prcdic.t intensit,ies at langcr rotatkmal  quantum numbers. Clalculation of the intensities of 

IAAP 1 1 w  lying rntnr,ional: tmnsitinns in t;hk tnicJrowave  regilon shnuld be good to betiber than 3% with the 

two nmsi rooom dipolc espanslons. Ylie greatest> d'eviaticrrls  fnam the pnedilcted intensities  ar,e  expected  in 

r.hh hligfirlnr J fcxm~tinm with: Ah;, > 3. Tn t:he intensity  oa,kdatilnns  presented Ware, the measured dipole 

n~onxnn~ parsnxctcrs I>[ Stiostak,  Ebenstein, &I Muenter. 81991) and Shostiak & Muenter (1991) have Been used 

along with' f,lw pln.uarity r.lsndifions as rl'rscribcd  by  Wat,son (19711)  in a comp;ntatinnali method developed hy 

Cnlnry-Pcyrct. cr ,ul. (1985). 

Thc. pccr.ininn  uxr!nLqurrnmm w f  % numben crf a.dklit,ionnl H2160 trarmit,ions are wMorted bo facilitat2e their 

arJtrL>nonxi:od observation end to slrnpollt, cffncts in devdop2ng betten mdecular models for the calculation of 

rhn rmacg?. lm~lls  and t,ran,qirirm i.mcnsities in waiter. Thc measurements rqorted in this Raper are  the first 

to br! nxcricd I S U ~  wkli a ucw spcctrometec systnrn that. usas opt~aal-h'et,cnotlyn~ conversion t n  generat,e THz 



radiation.  This speotnometcr should faci1it;rttc ilia prccision nmmuccnwnc 01 a. varimy spooios in clio 0.3 

t;o 3.0 %Hz region in  support, of FIRST alrd SQFM'. The translt.lm li'sr  coporcad in Poncson ot: al. (lNl] is 

also updated 60 inollude Chle large number: of Kigh accuracy  measurements mtdc ovor tho last few yams. Thc. 

caloulations  presented represent tMe st;at,e-nf-t,he-art, and shnuld ha snffioisng for d l  far-infrared ~ s t m u m ~ h . 1  

trbsarvations except  those of the  hottest  and mnst highly shaoked regions, a.nd should nrnvn useful i n  planning 

thB THn heterodyne receiver science programs  far FIRST and SOFIAI. 

2. EIXPERXMEINTAL 

The exaeaimental  measurements were carried out  with a three-diode-laser, dsifferenoe-frequency 

spcrtmmeten,  an outline of which is presented in  Fligure 1. Laser #1 3s hoked, using a: Pound-lkewr- 

IInll anproad); (Pound 1946, Drever et: al. 1!283J, to a temperature stabiUized  ultra-lour expnsion ( T J T X J  

Fhbry-Pecot, Prt.alon (whose thermal expansion coefficient is  nf o d e r  "1 x 10-l" /C). Laser #,2 is P,nun& 

Mrcvnr-Hall l'ooked to  the same  etalon a lange integer numben of free speatraU ranges awayb and laser #3 

is o l h r  Lscked, wi,th a phase hoked loon to laser #2. This phase looked offset;  freyluenoy is controlled by 

a tanablc 2-6 C.Hz microwave synthesizer. Beating silmultaneously, amplified signals from lasers #l and 

+3 in n LI~~~-rcnlperatllre-gr.own GaAs phmobomihcer coupled to a  planar  submillimeter antenna (Vecghese, 

M n h s n h ~  k Ero-wn 1997,) gemnates thc THz differenoa freqnency. The free spectral range of the  etalon was 

calibradcd to 5 parts  in 10* by nxeasurina all CO pure rotational lines from 230 - 11611 GHz. A detailled 

dcwripcha I ~ E  thin l m e ~  systnm ard the oalibmtinn method oan be found elsewhere (Matsmra  at d .  1999) 

Thc nmmurcnwnt. mc1Ir;rtcy is mrnent1,y limited. by the uncert,ainFyl  in the free spectral range,  a small dniRing 

DC rasidun.1 iu tlic h k  loops, m d  the accuracy of determlning the center of'the transieion. The line width of 

tlio spootronxot:or i's 2 1 I\IHlz (thc THa freq!uenc,yl stalhility is considerably better), enabling dappIer-limrited 

rasnlutilsn tcs bp nbtai,nad. As a r e d d ,  t.he  Flxrpeckerl nwamrement  accnracy is calculated to be of nrder 250 

kIIa LII: a. la mc'aRuccnxcnt. The ~ 1 2 ~  - 39.2 ground, state tnansition was  ne-measured as a verifi'oatian of 

thln spnccr1smnt:nc nalibcmhn. Our  nbscrrd vdw of. 916171.2710 MHn agnees within the expected 250  kHz 

mpor4mnncxl c'rcor wit:lIJ bmli t:Mc !XKlTl.582(l50) hanmnnilo generati,on value reported by Helminger et al. 

(1983) and tiic 918171.405(13) lascr sideband vallue reported1 tiy h,lat.sushlma et all. (1995). 

hitin1 prr.ditcions wnrn nwdc lcnm mmgy Lcvcla oa.lcnktcd by Toth (1'998) and fmm previous uncalibnated 
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bauakwad wave osoillator meas1lremcnt.s (Eelov 1SSG'j. Tho water eamplc W ~ F I  rcagmt' gradc and rcquircd 

na  fwther proaessing. Mea.wrctnent,s  were  madn in a single pass 1.6 meter loug 0011 uudar  mntinuouq flow 

aonditians at pressures of approximately 100 m%rr. A 1.8 Kclvin compusite-silbm bnlomcior TVZW uacd to 

detect: t'Ue tunahle THa radiation.  The source was cMon1led at 1.00 Ha and 200 TTz loobin ctlctmrim WXR 

11scd to necord the  6ne profiles.  Forwand and bmkwand saam were avemaedl ta elimirvnccl thc book-in.  t.im-e 

constant dnift, while the line oenters were detenmined hy either  fitting a panabola to t h c  peak af. the ohsnrc*ctl 

t.l:ansit.iwn on by taking  the midpoint between the half-intensity frequencies. Signal-to.-noise ratlilas for the 

o1xm-d lines ranged from 10  to 2 YOU. Several measunements of each line were made foil: consisfenuy. 

All' t,he measured transitions fell  withiiln the quoted experimental  errors of ' k t h  (1998). The agreement 

wltli t,he uncttllilbrated mea.surements af Belov  (1'996) is better  than one MHz in  all cases, suggesting that 

thb prr?violls rl1at.a a.re a.ct:urat,a to at  least this level.  Ttthle 1 plcesents the nesulits of this study along with 

t h  mpcded IJmitions frcrrrv Toth (1'9981 and  the uncalibnated measunements of Belm (1996). Clearly, all1 

tho rcpormd I.nansit,irms agree extremely, well with thb energy levels of Toth (PS98). This was expected since 

a scrim I ~ C  combimatjon difference oalculaltions with our measurements and  the transiltilons of Matsushima et 

a1. (199.5l uscd in t,I-lc Tcrt,h (1'998) compilation closed to within experimental accuracy. Table 2 is a set of 

nwnmrcnwnts horn Plcanacm (1995) companed to  the energy levels from Toth (1998) fnr the v2 = 1' state 

and fmn1 Toth (l(3'99a) far t.he ZAJ 2 2 or (lono), vl = 1 an 6100) and v3 = 1 or (001) states. Onoe again, all. 

tlh nwwmmmtc'!: - with, t,lk excention of  t,he 14 MHz deviation of the (020) 4 2 , ~  - 3 3 , ~  transition - agree 

to w3rhin tho oxporimenl.d unoer,tainQ Tlie ceason for th'e llange deviation of  bhe 4 2 , ~  - 3 3 , ~  transition is 

uuc1r;nr m d  n m u w  G x  surne c(:m~r8n.  The !7, transitions measured as a pant of th,is work, the tiwn reporfed 

h n r  MoLw (l!"), 2nd the nine from Pearson (1995) have not a.ppeaned iln the widely published literature. 

T&lr 3 prrnrnts x lirJt: r d  all the rc:ponfed mimowme acalra,ay measurements for Hizl'CT helow 4 THz, and 

also i'uoludos rldo l>bsarvod minus aal:cul&ad freqlency difkrcnaes a.nd the lower state energy of the fit. The 

1lxwr atntrr c w r p  lrlm X x h  (1998) is qivm as well,. 

3. ANALYSIS 

Tho oxporinmntnl daca uscd in t.he aneIysis incduld'ed fhe follurving: 

1) Thr: nli'mwmvrr trnnaitiwm rnpwmcll in Tahlc 3. The mcasurenlents from  h.lattsllshima  et, a.1. (1995) were 



assumed to have an experiment,al mcucacy of 150kIIa. This wag dcri,wd from a ~cri'cs oE adtlimctic ~ x l c d ~ t i o u  

of residuals around closed loops of four tranr;lflons and: is uwnsisiant: with 5% ol! tho PWIIh~l of a waicr li'nc 

profile at thkse frequencies. 

2) The tiecrn values from Totih (1998) and Polya,nskp et all. (199Rh)  thrnughl .T -. 19 and 1.8 in. t.hk gwaad 

and 1 4  - 1 states, respectively. 

3) Infmned, rot,altional bransit,ions, including measurements uniqye to Kaup,pi~~en  et al. (187$), Juhns (l!l,s15), 

Paw and Horneman (1995) and Tatlh C1'999b). 

41 Inframed va band  tmnsitiuns from Toth (199913). 

In t.he ewnt, of repeated measunements, the value used in the fit  was the micrnwave fwyuencly OI! the 

nmst recent infrared; measurement. The model used was a non-power series effective Hamtiknnian related 

r.1-I bl-Itlt  thlc Padso Series and th'e  generating funotions discussed in  the Introduatinn. The details of the 

onlculniion and t.l& model will he presented iln an  appropriate forum elsewhere. The reduaed RMS of, the 

fit [mdumd RMS =1 ahsolute RIMS (MHl~)/exaer,imental  errar (MHz)] w s  1.98 if all the  data were farced 

into tho fit and 1.61 if  bhc file was adlowed to reject 13 out of 3992 lines and anergy levels.  R:educed "IS 

\dues ol 1.78 and 1.41 wwo acbievcd with a: slightly reduced data  set,  with  the same exact, same 13 lilnes 

being rc.jr.ctkd i : n  the rcdllced analysis. It is interesting ta note that thk majority, of the rejected transitians 

(A r.oinl OF night) invdwcl  the 1 ' 5 ~ , ~ 0  level of t,he va = 1' state  and t b t  the deviations wene all of t,he same 

dkrr.ril-Iu and m,zgni~.~r.ude t.n n m h  blct,tter  tlba,n the experimental acctmcy? snggesting either a fitting artifact 

131: a looal pcrcu.rbaiil>n. Due tn  the fonm of these deviathls t,he nesuUts presentied liere are fnom a fit where 

x11 thk trxwi'tiom wnrn foroed into  the nalculatiun. The intensity calanlations llsed a Watmn A-lilkk! constant 

sct and I rwcd S-likc cl? c.unstant dletecrninud from the  plmmity condiltiions. Tl-16 fixed da constant  can be 

rcrurnnd, liI-Iwnvnr:  And quxlity of t,hc fiat is largcl9 unuhanged. Hlighar order, contributions to  the dipole wer,e 

celcalatcd using I ~ L C  procodwe  presentad hy Ca!nw-Pe~;;rat et al. (1,985). The intensities generated by these 

cn.lr.uln.thns wnrn nnru.pn.ccrd CI-I r.hlose nf Toth (1998) at, 296 K and w r e  found to be in  reasonable  agreement 

L x  all trangitiogin oliangiging K,,, by 1' oc 3 .  Since t.he dipole expansion used does not inalude the  planarity 

condi.citms b1: rho Po end liiglicr nrdec terms, the trensit'ians chnging K,, W y  more than tlhree  will  not, be 

al-Ir,rnnt end lergcr dr!vin.til-Im d1-I nxim. tietween t l ~ e  m~easurad intensities and tihe calculafed valuss. It should 
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be noted thati there are none af t h sc  t.ran.;ition in tho daw prcscnccd. 

Table 4 presents a liistiIlg  of all of. t,he water rcrtat.iona1 transitlions bolow 4 TIIa a . d  300‘0 cm”. ol: r1xn.1 

energy. It includes the oalculkated frequencyx thi: oakala.teda uncerbyinty in t.hc 1j.m position, tho mS’t,o,p’ 

va.llles, tlhe  lower and upper state energies state anengies, andl the fact.urs [j~-~”’j’’~ - at. 50. 200,800 

and 1500 K. The error  in C h k  oalculntion frequency assum:es t,hat the redl~c.ied R.MS of Clic fit. is om, since 

it. is neady 2 t,he error  quoted is app,rauimately 0 . 5 ~ .  The partiltion funcfian determined; as a. funotinnn of 

t.ermper:r.tllrc liy a1 sum over all1 states up to .A=43 is listed in Tahk 5. Tt does not, inolude r.nnt~-iln~tions far 

Mghder J st,at;es or the next higher set of vibrational levels. Ati temperatures abwe 501fl K tr1ier.e will begin to 

b p  a sigrrifioitnt, contribution by, these levels, by 1500 K1 they  must  be included if accurate values am to be 

dctcrnlincd. To flrst order. thct pantitian function oan be correoted by sepanating the vilbrationa.1 pant of the 

pnrcit:inn r~~nntian  and calculating a corcectlon factor. A firstr order correction for the next 3 vlhratlonall states 

(CrZCr), (loa), (001) (030), (1,lO) and (Oil), whmioh aUU have a  number af: levels  below the  rotatiunal energy 

aousidorod in thc  rutationel part; of the calculation, is also given on  Table 5. Multiplication of the rotat,ional 

pn.rclt:i;on hncrtion glwn b‘y the correction factor will g h  a bettec  estimate of thk true  partition function at 

high ctmpcrmcures, hut. it will  no% take car,e of contributions from highen notational states. A full caloulation 

’ inchdhg thin u3 hand will he plaK:ed i n  tihe .lHL spectral h e  oatalag afi http:k/sp(ec.jpl.nasa.gov. A 

graphli’cml summ.ury uf thc local, tlhccmo&nan11Xc eq,uilibrium, or LTE, lilne intensities at various kmperatures 

fnr ,71 f i c d  cnlwnn1 dcnsity is pnesanted.  in  Figllrc! 2. By 1500 K the majorilty of the lines are witlhin A factor 

01: a fcrv in intensity a n d  t‘lic stlcungest Lines  ane from st,a,tes tha,t are  cellathly weak at  noom tempecature 

and nlmnnt uupnpulntcd a 1  typical demo moleoular clnud t,emnerat,ures. I ~ J  should also be notd   tha t  there 

Fs a. two ordm oL nuxgni‘tucle r:educti:on inr thu intensity of the stmmgest line. 

Thn LTE linn intnu4tir.s  and nt,lkr  paramtecs  can be oa:lcnlated from the  data given on Table 4 and 

Tnblc 5 ming ihc following orptlinns: 

http:k/sp(ec.jpl.nasa.gov


In equatilon (l,), vu/, is the lilne fnecpcncy, irS~l/, in tho liao strong& iwnludhg tho dagaancwy laatocs, p is rim 

dipole mament along, the h axis, E” and E’ are chb lowec m c l  uppar. scat:c cmrgics, rcspccthcly?  and Qns is 

t b  rotation-spin  pantition  function. 

The line fnequency and LTE intensity, data. aJ#one are, nf course: insuffi&nt to explain the cxcitatkm 1 - J  

water in tlie interst,ellar medium, - especially t,he 1594 cm-l 14 -- 1 state of m.t.er - for wl15ch 21. combinal.iun 

of collisions and radiat*ive praccsses must be considered. Indeed, th’c l l , o  - 1 ’ 0 , ~  1 4  = 1. fundamencar at, 

638 GRz is  known to mase strongly in A. number of regions (Menten &. Yaung 1995), andl a nmlber af 

nthw lcnvl lying y = 1 tnansitians,  such a5 thb 11,1 - Oa,o tine reHnrted here, shauld be  bright mmers 

tlucnugh t‘he same  pumping meahanism. Bven in tkk ground state, a more realistic assessment af the snurae 

strua.une Irrards no water  tnansitions appeaning batli in emission and  absorption  (Zmulddnas I”). A detailed 

undncsrending of Mmv watw is exnlted, includ’ing m,aser action, requires knowledge of both the mdiation  and 

dcnsity r.nvironmeru$ along withi tihe stzengths of  t‘he va band tnansitlons. The line strengths for the 14 band 

haw been measured  in snme det,ail for t,he atmosp,henic cornmunaty and  aan he found in  Tath 41998). The 

Ttxh (1808). line strengths  are given in om-a/ptm at 296 K can be converted to  the nm2MHz units used in 

tlic JPL cm’nlng by multipl’ying hyl a factor of 247938.0 OAvagadro’s number divided by a mole volume in 

nn13 at 206 IC x Thcr fact,nr of  onnvertfs the nm2MHa JPL oatalogl unit into cm2MHiz units, 

w)llichr zrc olma nmre wat.urar1 far  calculations. Division by a facton of 2.99792458 x convarts thk catalog 

unilr~ JUCO ~ h n  mmnonly  givm inlfraned mits  of cm”/(moIecule/cma) 

CONC.LUSIONS 

bcr:nt.ly> IS0 bas nhsecvect nr lange nnmber nf, watien emission lines in a wide varriety  of astronomical 

s~>uroos. An a. result, thc pivulauI r u b  water plays In cooling oxygen rich molecular gas Is now  well1  eustablished. 

If dm liigli t?mpar,zcurcs infrrced from 00 olisenvakions of mmy of these regions are proven to apply to 

wa.rcr Lg wcll, die number of states considered in the uurrent models are grossly inadequate,  and most of 

LO 
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1'50 
150 
150 
150 
150 
150 
150 
150 
1150 
150 

E 
E 
E 
E, 
E 
E 
E 
El 
E 
E 
E 
E 
E 
El 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
El 
E 
E 
E 
E 
E 
E 
E 



Table 3-Contin1led 

J'"KCR~VI'' -+ ,J'XkKLV' Frequency, (MHz) 0-C (MHz) Unc.(ldHz) Rkcf. 

4690093.784 
4690528.924 
4693044.499 
4724263.273 
4734296.171 
4764038.87,O 
4801938.995 
4802992.1161 
4850334.680 
4869963.371 

-0.050 
-0.033 
0.156 

-0.037 
0.420 

-0.1186 
0.088' 
0.065 

-0.133 
-0. I83 

150 E 
150 El 
150 E 
150 E 
1'50 E 
1150 E 
150 E 
150 E 
150 E 
1150 E 



r(ls0o K] 

2160.039 
7257.123 

12008.798 
22235.11 17 
26834.2411 
67803.990 
96260.851: 

1 T9996.136 
1183310.030 
2091 18.382 
232686.556 
247140.147 
259952.613 
293664.398 
297439.414 
321225.656 
325152.935 
336227.931 
3.801197.:266 
:l90134.64U 
425689.2911 
43i34~.li51 
43.9U50.871 
440'73'7.706 
44:30u8..312 
448.0O.II. 134 
4G31iO..i03 
4'70.889.003, 
4i4BS9.257 
488.49JJ.O.7;! 
498502.349 
50:3.56.S.8.:Ti 
50.44S2.999 
530.342'750 
546690..698 
xmX3.5.988. 
5fI914.12I 
5'78.05'7.280 
593.iO.S.689 
5950'79.958 

0.06li 
0.154 
0.029 
0.010 
0.028 
0..036, 
0.055 
0.059 
0.013 
0.068 
0.072 
0.130 
0.092 
0.080 
0.080 
0.025 
0.01:11 
0.093 
0.011 
0.041 
0.080 
0.017 
0.01:6 
0.081 
0.016 
0.014 
0.082 
0.016 
0.016 
0..0113 
O.079 
0..0;39 
fl.O.39 
O..Ill 
0,.0iO 
0.009 
u.093. 
0..08.5 
0 . I1i  
0.08.i 

1922.8290 
2904.4283 
1907.6157 
446.5107 

2129.5992 
1819.3351 
2126.4077 
17.39.4837 
136. I639 

2399.1'654 
2398.38115 
2872.5805 
2739.4285 
2724.1671 
2724.0414 
1282.9191 
315.7795 

2042.7533 
212.1564 

1525.1'360 
2905.4335 
1045.0583 
742.0763 

2905.4306 
1045.0579 
285.41186 

1907.4514 
742.0730 
488.1'342 
586.4792 

2552.87.97 
1394.8142 
1394.8141 
25'33.79.32 
2005.91170 

23,7944 
24i4.71234 
2552.8572 
2670.78'36 
225.1.8825 

0 386 1 
33.3478 
1.3443 
0.5975 
1.2204 
1.4393 
0.3994 
0.3630 
0.3501: 
0.3508 
1.0503 
0.4090 
0,.4'405 
0.9482 
0.3160, 
0.9915 
0.3150 
0.7731 
11.2760 
0.2468 
2.4896 
0.3325 
1.1077 
0.8307 
0.9980 
1.3850 
0.5251 
0.3704 
0.4200 
0.1275 
0.8990 
0.9250 
0.3084 
1.4612 
0.9307 

15.3568 
0.9787 
2.70.59 
0.641 8 
2.9024 

2.3iq-33); 
:3.683(-48) 
2.267C-32) 
2.7!87(-09) 
1.711(-35) 
2.965(-30); 
6.605C-35) 
8.993(-29) 
1.4736-03) 
7.369(-39) 

3.432(-46) 
4.304(-44) 
8.259(-44) 
8.385(-44) 
2.909(-21) 

8.3210-39) 

3.769(-06) 
4.075.6-33) 
1.727(-04) 
5.593(-251 
1.6390-46) 
1:.930(-17) 
1.047(-12) 

1.9490-17) 
1.446(-05) 
6.798(-31) 
1:.1036-12) 
lI.029(-08) 

5.934(-41) 

7.378(-23) 
1.233(-40) 

2.@71(-01:) 
8.422(-39) 
6.599(-41) 

3.390(-36) 

1.6836-46) 

3.056(-10) 

7.368(-23) 

2.22q-32) 

9.665(-43) 

5.093(i-I0); 
1.4aq-u2j 
S.l5ti(-OS) 
Z.li43(-0;1) 
1r.425f-09) 
S.340(-08] 
S.S88[-09> 
1.043(-071 
1;.616(-02) 
1.563(-09) 
1.7446-09) 
6.109(-lll) 
1.670(-10) 
2.0976-10) 
2.125(-10) 
7.2796-06) 
7.741(-03) 
3.215(-08) 
1.8956-021 
T.535(-06) 
8.124(-11) 

4.804(-04) 
5.4116-05) 

8.396(-11) 
5.478(-05] 
1.3080-02) 
1.155(-07) 
5.132(-04) 

1.6276-03) 
1.192(-09) 
4.993(-06) 

I .449 6-09> 

3.2136-03) 

5.002(-06) 

6.647(-08) 
1.054(-01) 
3.662(-09) 
1.369(-09) 
S.009(i-lIO) 
1!.226(1-08) 

4.080(l-06); 
2 . :w6-oq 
2.330(-051 
5.971!(-QIZ) 
3.492(-05) 

1.2S7(-04) 
1.540(-04] 

3.141 (-04)' 
8.5611(-03) 
11.667(-04); 
1.836(-04) 
8.407(-05) 
1.122(-04) 
1.301(1-04] 
1.318(-04) 
1.9006-03) 
1.0956-02) 
5.06&(-04) 
1.540 C-02) 
1.489(-03] 
1.356(-04) 
3.953(-031 
6.8456-031 

4.004(-03) 
1.587(1-02)1 
8.870(1-04) 
7.333(-03) 
1.167(-02] 

2.9876-04) 
2.422(-03) 
2.426(-03] 
3.2866-041 
8.7490-04) 
3.1480-02) 
4.384(-04) 
3.456(-04) 

6.11 06-04) 

11.403(-04) 

1.006(l-02] 

2.870(-04) 

1.09:'l:(C05); 
u .4:xqmj 
6. I64(c05) 
4.634[-04) 
1.113(44] 
3.784[-04) 
4.0ao(-n;q 
7,.224(-04) 
5.132(-U3) 
6.677!(-04) 
7.433(-04) 
5.014(-0.4) 
5.984(-04) 
6.8566-04) 
6.945(-04) 
2.987(1-03) 
7.6456-03) 
S.508(-03) 
9.8656-03) 
2.8736-03) 
8.335(-04) 
5.100(-03) 
6.847(1-03) 
8.627(-04) 
5.165(-03) 
1.082(1-02> 
2.3616-031 
i.339(-03) 
9.438(-03) 
8.836(1-03) 
1.367(1-03) 
4.194(-03) 
4.2011(-031 
1.4816-031 
2.9326-03) 
1.7266-02) 
1.789(-03) 
1.583(-03) 
S.452(-03) 
2.1756-03) 



Tkamiticm 1050 K.j 16200 K.j 

5 3 2 4 4 1 0 0 0  
9 ' 7 3 8 8 0 0 0 0  
9 7 2 8 8 1 0 0 0  
I I O I 0 1 0 ' 1 0  
2 I I 2 0 2 0 0 0  

IE 5 7 I2 2 10 000 
I0 5 6. II 2  9 000 

E2 5 8. I3 2 lil 000 
2 I E 2 0 .  2 OF0 

PO 8 3 9 9 0 000 
IO 8 2 9 9 I 000 
2 0 2 I E I O U O  
B 2 4 7 ' U 7 0 , 1 0  
3 1 2 2 2 I 010. 
9 2 8 8 3. 5 0.00 
4 2 2 3 3. I 00.0 
6. 2 5 5 3 2 0,IO 
6. 3 3 5 4 2 OI0 
8 2 7 7 3. 4 010, 
5 2 4 4 3, U 00.0 
2 0. 2 P E I 000 

1:3 5 9 I4 2 I2 00.0 
i 2 G 6 3 3 O I 0  
3 1: 2 3. 0 3. 00.0 

II 6 6 12 3 9 00.0 
9 5 5 IO. 2 s 000 

I I P O O O 0 0 O  
7 2 5 8 I 8 00.0 
n I 2 2 2 I 00.0' 

PI :3' 8, 12  2 00.0' 

PI 9 3 IO. 10 0 000 
11 9 2 IO IO I 000 

f i3454UOOO 
32EJ1:20110 
8 5 4 7 6. U 00.0 
'I 4 4 6. 5 U 000 
8. 5 3 7 6. 2 00.0 
I 1 E 0 0 0 010. 
4 2 2 4 1 1 3 0 0 0  
3 I 2 3. 0 3. 010 

620701.115 
645766.054 
645905.564 
658006.475 
752033.132 
766793.580 
8411050.473 
854050.433 
85,9965.421: 
863837.022 
863857.787 
8993011.984 
902397.810 
902609.359 
906205.939 
916171..500 
923 1113.964 
9.26187,.453 
%80;l7.499 
970315.097 
987926.549 

I0.68.679.420 
1077763.388 
IO97364.905 
II0,1I3O..fi02 
EI0'9597.594 
IPI3342.917 
IIS6,621.3,22 
I." ' . . I  .,3 IL6..67G. 
II55:370..9II 
PI55IG,fj.484 
IIrrI69.558 33 

UU58323.892 
IIfi29PI.700 

1U68358..5U7 
UU72525.8.59 
1190828.892 
P205789.3.03. 
1207638..7I2 
I2P466U.76.9 

0.016 
0.063 
0.063 
0.063 
0.010 
0.103 
0.069 
0.152 
0.050 
0.209 
0.209 
0.114 
0.109 
0.1116 
0.019 
0.014 
0.092 
0.097 
0.1:15 
0.013 
0.01 2 
0.241 
0.111 
0.01 2 
0.086 
0.040 
0.008 
0.015 
0.01 4 
0.086 
0.477 
0.477 
0.016 
0.010 
0..020. 
0.QP9 
0.020. 
0.IO7 
0,.0P2 
0..057 

488.1077 
1780.0428 
3789.0428 
'1618.5571 

70.0908 
1960.2074 
1690.6644 
2246.8848 
1664.9646 
2225.4692 
2225.4692 
1634.9671 
2381.0899 
1742.3056 
1050.1577 
285.2193 

2130.4943 
2251.6953 
2462.8752 
383.8425 
37. I371 

2550.8825 
2282.5896 

136.761.7 
2105.8679 
11437.9686 

0.0000 
744.1627 
134.9016 

1774.7511 
2701.8885 
2701.8885 
6110.3412 
173.3658 

11316.I945 
888.6326 

121iti.1898 
1594.7463 
2ix.4'370 

1731.8967 

I. 2940 
0.2940 
0.8821 

14.8354 
7.0636 
0.31  79 
0.7964 
l.0280 
6.9909 
0.8630 
0.2877 
2.3946 
0. 1679 
2.81 I5 
0.476'7 
0.5678 
3.5914 
1.0271 
2.71134 
0.9219 
2.5830 
11.347.6 
1.1504 

22.2672 
0.2030 
0.1825 
3.41  26 
0.2674 
3. 1: 1104 
0.6005 
0.2880 
0.8641 
3.01156 

26.0030 
2.6178 
0.9410 
0.8742 
3.2974. 

12.4015 
22.7706 

I.2456-0gj 

6.084(-29) 
6.083(-29), 

2.8366-26) 
4.7771(-02) 
1 .&38(-31) 
2.467(-27) 
5.094(-36) 
6.2996-27) 
1.108(-35) 
l.lO86-35') 
1.9006-26) 
5'.602(-35) 
4.008c-28) 
2.608(-1'7) 
2.3366-05) 
3.501(-34) 
4.483(-36) 
2.3076-39) 
6.938(-07) 
1.826(-01] 
1.0240-40) 
1.596(-36) 
5.346(-03) 
9.2956-34) 
2.5326-23) 
7.371(-01) 
1.772(-12) 

1l.4146-28) 
4.648(-43) 

2.1193(-1/0) 
1.473(-03) 

5.8526-03) 

4.648(-43) 

7.558(-20) 
9.9.12(-115) 
7.6.25(-20) 
9.3.55(-26) 
3.803(-05) 
6.760(-28) 

4.U3U(I-O3j 
:3'.694(-Oi) 
3.695.(-U] 
1.2811 6-06) 
9.972(-02] 

9.544(-07): 
1.262,(-07) 

1.770(-08) 
1.171,(-0G) 
2.086(-08) 
2.086(-08) 
1.513646) 
2.985(-08) 
7.0146-07) 
1.0236-04) 
2.536(-02) 
4.3840-08) 
1.839(-08) 
4.186(-09) 
1.3130-62) 
1.616(-01) 
2.425(-09) 
1.6830-081 

6.116(-081 

2.3456-01) 
I.138(-03) 
9.159(-02) 
6.895.Q-07) 
8.7596-10) 

3.007(-03) 
6.996(-02) 
3.8770-05) 
4.1i046-04) 
3.942(-05) 

8.655(-02) 

7.518(-06); 

8.759(-IO) 

2.6116(-06) 
3.467(-02) 
9.8140-07) 

Ml9(l-O2] 
U.522(I-0:3.) 
I.522(1-03.): 
2.106(-0.3): 

1:.324(-03) 
2.352(-03) 

3.8.89(-02] 

8.780(-04) 

9.227C-04) 
9.227(-04)1 

1..043(-031 
2.29'6(-03) 
8.0046-031 
3.202(-02) 

2.517(-03) 

2.775C-03) 

1.1686-03) 
9.420(1-04) 
6.726(-04) 
2.8356-021 
5.383(-02] 
6.319(-04) 
11.032(1-03)1 
4.9826-02) 
I.448(-03) 
4.850(-031 
6.4610-021 
1.743 6-02> 
5.244(-02) 
2.747(-0,3)1 
5.3936-04) 

2.240(-02) 
4.934(-02] 
7.596(-03) 
1.3746-02) 

3.964(-03) 
4.258(-02) 
3.1196-03) 

5.1936-04) 

7.7376-03) 

I.23I(I-02] 
3.6.76 (c03) 

4.4I'U(l-O3] 
2.22:3(-02); 
3.697(-0.3] 
5.2d6(-03) 

5.49Cif-03) 

3.677(1-0.3): 

3.1'24(-03)' 

:3.224(-03): 
3.225(-03) 
5.9UUf-03) 
3.513(-03) 

1.044C-02) 
5.3524-03) 

2.197(-02) 
3.771 6-03) 
3.368(1-03) 
2.873(-03) 
2.1156-02) 
3.0030-02) 
2.91;0(-03) 
3.7966-03) 
3.0266-02) 
4.592(-03) 
8.781(-03) 

1.7646-02) 
3.183(-02) 
S.603(-03] 
2.7186-031 

3.4996-021 

2.7186-03) 
2.026(-02) 
3.093(-02] 
1.143(1-02] 
'1.5700-02) 
1.1646-02) 
8.197(-03) 
2.910(-02) 
7.239(-03) 



Transition r(15a Tc] I(1800 KO)/ 

8 4 5 7 5 2 0 1 0  
9 6 4 8 7 1 0 0 0  
9 6 3 8 7 2 0 0 0  
7 3 5 6 4 2 0 1 0  
22021'11000 

I:]. :I XI 12 4 8 000 
' 1 4 3 6 5 2 0 0 0  
8 2 7 7 3 4 0 0 0  
8 .4  5 9 1 8 000 
6. 2 5 5 3 2 000 

l o  7 4 9 8 1 000 
10 7 3. 9 8. 2 000 
7 4 4 8. 1 7 0.00 

u4 5 10 u5 2 13 00.0 
E3 7 7 l 4  4 110.00.0 

3, 2 1 3 1 2 0.10 

5 2 3 5 I 4 O'OO' 
4 2 2 4 u :I. O'U0 
8. 4 4 7 5 3 0.10 

9 4 6 uo v 9 Goo 
7 2 6. 6 3 3 0.00 
5 2 3 4 3 2 QIO' 
2 2 0 2 I I O I ( )  

u u  8.4 10 9 1 000 
ll 8 3 10 9 2 000 

6 :I. :I 5 4 2 00.0 
6 .4  3 7 1 6.0'00 
5 2 3 5 1 :  4 0uo 

S 5 4 9 2 7 0.00 
4 u :1 4 0. 4 00.0 
3. 0 3 2 '1 2 0x0 

7 2 5 8 I 8, 010. 
2 2 I 2 I 2 0.00 
2 E 2 I 0. 1 00.0 

I0 4 7 111 II 110.000 
4 n 2 5 0 5 000 
:I. 0 n 2 l 2 m 0  
5 3 3 6.0 6 000 
4 u 3 4 0. 4 010. 
8 . 3  6 7 4 3.010 

1215067.641 
1215801.736 
1219944.374 
1222823.60.7 
1228788.840 
1'271472.972 
1278265.923 
1296411.049 
1307963.287 
1322064.783 
1335279.326 
1335984.7'34 
134467.6.1176 
137816'7.571 
1386269.U.11 
1306675.550 
1:410617.988 
1421957.576 
13284 71. .994 
1435008.375 
l440781.665 
1473570.467 
T494U57.486 
1529130.687 
I529245..7:16 
1541967.050 
U574232.UBT 
U592068.26.5 
1596252.461 
uR02219.:J42 
1643.9U9.328. 
16'&63,2*4?J4 

lGBP00.7.f6.2 
16,6990.4.752 
J6.93.469.742 
IXl.88.2.952 
IiIB769.5:Xl 
1716,956.6.16 
U73.93.51.28l 
1740,397.563 

0.119 
0.059 
0.059 
0.103 
0.011 
0.119 
0.018 
0.015 
0.023 
0.013 
0.128 
0. I28 
0.017 
0.378 
0.257 
0.091 
0.012 
0. E06 
0.129 
0.0.40 
0.013 
0.113 
0.081 
0.249 
c1.248 
0.015 
0.014 
0.11:6 
0.023 
0.01 1 
0. so9 
0.. 1122 
0.011U 
0.009 
0.0'71 
0.0.12 
0.0.11 
0.013. 
0.0.66. 
0.13.3 

2724.T671 
1590.6907 
1590.6900 
2399.1654 

95.1759 
2205.6527 
888.5982 
842.3568 

11079.0796 
508.8121 

2009.8051 
2009.8050 
882.8903 

2872.2742 
2880.8342 
1772.4134 
399.4575 

1~875.4697 
2724.0414 
1293.0181 
661.5489 

2004.8157 
1693.6499 
2471.2550 
2471.2550 
610.1144 
704.2140 

2000.8630 
1201.9215 
222.0528 

1677.0614 
2337.6668 

79.4964 
23.7944 

1524.8479 
325.347.9 

79,.4964 
446.6966 

1817.4912 
2572.1381 

4.6214 
0.8247 
2.4750 
u 547113 
4.3124 
0.6222 
2.8582 
2.1147 
0.4935 
3.3216 
2.3935 
0.7978 
0.1315 
1.0248 
0.1'842 

24.2006 
42.9566 
11.8469 
1.57.81 
0.1777 
0.9729 
4.1321 
3.9989 
0.7896 
2.3689 
11.0979 
0.2449 

42.7077 
0.31 18 
6.9404 

16.5369 
0.3481 
8.5508 

15.3477 
0.5334 
0.1144 

17.8475 
0.05Gl 
7.2464 
5.9464 

2.J;34@3] 

l,.UMC-Z) 
1.086(-25) 

2.555C-38) 
2.514(-02)' 
2.7401-33) 
1.031(-141 
5.471C-14) 
lI.101(-17) 
8.9560-091 
3.206(-32) 
3.2076-32) 
1.292(-14) 
1.0926-451 
8.046.(-46) 
1.6726-28) 
4.6946-07j 
4.123(-30) 
2.2906-4'31 
3.194(-211) 
3.808(-1'1) 
3.9846-321 
2.907(1-27) 

2.0876-391 
2.4826-10) 
8.469(-12) 
4.728(-32) 
1.4296-191 
2.901  6-04) 

2.087(-39) 

5.453.c-27) 
2.613(-371 
4.949(-021 
3.676(-01) 
1.314(-24) 
7.21:3(-06)' 
4.99.9(-02) 
9.1i77(-08) 
3.557(-29) 
5.777(-41) 

7.795(1-10.] 
2.7I:T(I-O'6.) 
2.721(-06.] 
8.1211-09) 
1.288(-01)' 
3.379(1-08) 
4.422(-041 
6.242C-04) 
11.li45(-04): 
6.993c-03) 
1.441(-07) 
I: .442 6-07) 
4.810(-04] 
2.990(-10) 
2.8260-10) 
8.309(-07) 
1.6226-021 
3.9956-071 

2.6586-051 
2.5'066-03) 
1.823(-07,) 
1.5406-06)i 

5.840(-09) 
3.838(-03), 
1.9846-03) 
1.780(-07) 
5.592(-051 
6.461(-021 

1.6226-08) 
11.856(-01) 
2.782(-01) 
5.749.6-06) 
3.2460-02) 
ll.9066-0li) 
1.358(-021 
7.158(-071 

8.953(-10) 

3.8396-09) 

1.8776-06) 

3.141 (-09) 

5.23.8(1-0.4] 
4.025(1-03): 
4.03.8(1-03] 
9.465[-04) 
5.988(-02] 
II.390(-U3) 
1.493(-02)' 
1 .645 (-02) 
1.084(-02): 
3.054(-02) 
2.073(-03): 
2.074C-03) 
1.584(-02)' 
4.530(-04) 
4.4860-041 
3.340(-03) 
3.956(-02) 
2.8036-03) 
6.121(-04) 
8.0626-03) 

2.299(-03) 
2.5206-021 

4.076(-03) 
1.029(1-03)1 
1.029(-03) 

2.5406-02), 
2.4936-03) 
1.051(-02) 
6.147(-02), 

1.4046-03) 

9.133(-02] 
6.223(-031 

2.949(-02) 

4.6016-031 

8.221(-02) 

5.4436-02) 
8.483(1-02) 
4.383(-02) 
3.771(-03) 
9.7110(-04J 

2.795(1-03] 
8.296(1-03): 
8.324(1-03): 
3.8.42(1-03.)' 
s.5I9[-02] 
4'.808(-U3): 
1.709(-02) 
1.8111(-02) 
1.456(-02) 

6.084(-03) 
2.542(-02) 

6.087(-03) 
1,.806(-02) 
2.744(-03) 
2.737(-03) 
8.039(-03) 
3.008042) 
7.3606-03) 
3.276(-03) 
1.298(1-02) 
2.389642) 
6.731(-03) 
9.1;96(-03) 
4.4626-03) 
4.462(-03) 
2.681(-02) 
2.500(1-02] 
71.287(1-03)1 
1.572(-02) 
4.039(-02) 
1.0260-02) 
5.45 16-03> 
4.796(-02) 
3.085(-02) 
1.222(-02) 
3.9066-02) 
4.9326-02) 
3.482(-02) 
9.470(-03) 
4.594(-03) 



Tramitian r(l5a IC] I@OO KO] I(l1500 IC] 

1753915.445 
1762042.660 
1766198.743 
1794632.021 
179.4630.403 
1794788.923 
1797158.733 
11849183.592 
1851205.596 
1867748.467 
1879750.121 
1880752.3611 
1%".9 li3 
1893686,545 
18944118.074 
1398852.244 
1903497.257 
1903643.698 
1918485.441 
1919359.520 
I93U2C5.966 
19:3.:3474.781: 
1945oug.917 
194646U..30,6 
1955971.738 
1969214.416 
20,1486.4.532 
20,15982.8.47 
20.24457.394 
20.27255.529 
2040476..759 
2050980..055 
2074432.382 
2690772.0.19 
2107022.663 
2140.487.0.:32 
21623,70..498. 
216'4132.00.1 
2l77409.70.4 
2191225.490 

0.111 
0.012 
0.015 
0.522 
0.523 
0.011 
0.013 
0.113 
0.064 
0.011 
0.020 
0.0115 
0.017 
0.014 
0. 164 
0.024 
0.161 
0.101: 
0.012 
0.01~0 
0.074 
0.118 
0.077 
0.12.0 
0..071 
0.024, 
u.0114 
Q.015 
0.165 
0.184 
0..01:1: 
0.124 
0.0.12 
0 . . m  
0..125 
0.. 1 00. 
0.0.17 
0.0.EO 
0.O.UB 
0.3u3 

1618.597,l 
602.7m33 
757.7.802 

2972.8273 
2972.8273 
542.9058 
782.4098 

1813.7876 
1813.2234 
446.5107 
920.2100 
586.2435 

1059.8354 
222.0528 

2920.1320 
1:411.6419 
2042.3741 
1899.0082 
382.51169 
142.2785 

1810.5879 
2398.38115 
1810.5833 
2146.2637 
1677.06114 
1411.6114 
542.90.58 
982.91 117 

2254.2844 
2254.2837 
31 5.7795 

1774.6163 
206.3014 

2771:.6901 
2392.5925 
2211 .l906 
1059.6468 

70.0908 
7.44.0637 

2740.42U8 

14.8282 
16.3527 
1.5662 
2.3932 
0.7.978 

14.341 1 
60.0582 
2.5494 
0.3073 

35.1483 
0.0693 
0.1 898 
4.8219 
0.0143 
2.2030 
1.5429 
0.1737 
2.5376 
4.585'7 
4.4203 
4.4555 
5.4505 
1.4864 

14.8293 
8.2606 
4.6568 
0.0334 

21.597.7 
1.4553 
4.3666 
7.4297 
0.1'699 
2.8729 
2 . 1 m  

57.1509 
1'5.0451 
1.6709 
7.3550 
0.0628 
4.3644 

4.562#26] 
3.372(-1u)' 
1.278(-12) 

3.207f-471 
3.207C-47,) 

2.9201-09) 
5.298(-13) 
4.128(-29) 
4.2146-29) 

3.7746-15) 
6.222(-10) 
2.488(-17) 
3.047c-0'4) 
2.166(-46) 
7,.9616-23) 
1.117(-32) 

9.462(-08) 

1.9,40(-30) 
9.5216-071 
5.3911(-03) 
4.684(-29] 
3.0806-38) 

2.678(-34) 
5.7286-27) 
8.0440-23) 

4.694(-29) 

3.009(-09) 
4.026(-16) 
5.5520-36) 

1.066(-05) 

5.491(-04) 
4.624(-44) 

2.649(-35) 
2.588(-17) 

2.205(-12) 
1.438(-43) 

5.5540-36) 

1.734(-28) 

3.8711(-38) 

7.438(-02) 

3.014(l-06] 
4.512c-03); 
1.482(-U3] 

1.80:2(-10) 
7.043c-03) 

1.803(-10) 

1.259(-03) 
7.7186-07) 

1.455(-02) 
4.841(-04) 
5.3526-03) 

7.756(-07] 

U.777(-04) 
7.3926-02) 
2.7490-10) 
1.422(-05) 
1.5250-07) 
4.278(-07) 
2.354(-02) 

8.170(-07) 
1.192(-08) 
8.2196-07) 

2.157(-06] 
1.464(-05) 
7.7160-03) 

3.484(-08): 

3.9936-02) 
1.110(-06) 

8.638(-10) 
U.329(1-08) 

1.980(-04) 
2.447(-01) 

S.121Q-09) 

1.3266-011 

7.35o(-oa) 

3.258(-04) 

3.4880-08)' 

8.890(-02) 

4.9596-08) 

1:.927(-03) 

5.m5(I-Kq 
:3.:39:3(l-o2); 
2.5'73.(1-02] 
4.yjjq-04)' 
4.&63(-04): 
3.845(-02) 
2.502(-02): 
4.022(-03) 
4.031(-03) 
4.7481-02) 
2.038(-02): 
3.717(-02) 
1..589(-02) 
7.203(-02) 
5.6276-041 
8.501(-03) 
2.7406-03) 
3.5476-03) 
5.464(-02) 
8.4211(I-02) 
4.2113(-03] 
1.466(-03) 
4.2436-031 
2.3226-031 
5.424(-03) 
8.798(-03) 
4.2886-02y 
1.945(I-02) 
1.984(-03) 
1.986(-03)1 
6.5296-02) 
4.7596-03) 
8.074(-02) 
8.064(-04) 
1.606(-03) 

1.8096-02) 
6.073(-01) 
3.212(-02) 
8.9146-04) 

2.2596-03) 

1.155(l-02] 
:3.075(l-02); 
2.656(1-0'2] 
3.223(l-03)' 
:3.223c-03); 
3.319(-02) 
2.638(?02) 

1.010(:-02) 

2.415(-02) 

2.1118(-02) 

1:.009(-02)' 

3.780(-02); 

3.328(-02) 

4.751'(-02) 

1.522(-02) 
8.331(1-03) 

4.125(-02) 

1.055'6-O2) 

3.5'73(-03) 

9.5606-03) 

5.1960-02) 

6.011(-03) 
1.062(l-02) 
7.705(1-03) 
1.214(-02) 
1.5'77(-02) 
3.7096-02) 
2.4336-02) 
7.217(-03) 
7.226(-03) 
41.66.86-02) 

5.269(-02) 
1.1;58(1-02) 

4.532(-03) 
6.5690-03)' 
7.9380-03) 
2.4196-02) 
6.255(-02) 
3.296(-02) 
4.887(-03)' 



I2 8 4 11 9 3 000 
:I 3 0 3 2 1 000 

I0 3.8 9 4 5 010 
5 1 4 5 0 5 0 0 0  
3 2 2 3 1 3 010 
:T 1 a 2 0 2 olio 
8 . 3  6 7 4 3 000 
8. 3 5 8 2 6 01ro 
4 2 3 4 U 4 0 0 0  
5 3 2 5 2 3 Q10 
8 4 5 9 U 8 O X 0  
7 5 3 8. 2 6 000. 
9 4 5 9 a 6 OUO 
4 0. 4 :s u a ouo 
7 2 5 7 I 6.000 

IO. 4 6 30. 3 7 0.00 
u u  3 9 30 4 B 000 

3 5 u 3 2 2 000 
I2 7 6. I3 4 9 00.0 

9 4 5 8. 5 4 0.10 
7 4 4 8. u 7 0.30 
4 0. 4 3 u 3 00.0 
5 ~ 4 5 0 5 0 1 0  

9 4 6 10. u 9 010 
9 :3. 6 9 2 7 000 
cy 4 4 cy' 3 5 ma 
4 3 2 4 2 3 o o u  

12 4 o 13 u 12 oao 
7 2 5 7 l 6 0 f O  
4 :3. 11 4 2 2 0IO. 
8. 2 6 9 1 9 0.10 
4 3. 2 5 0. 5 010 
9 3 7 8 4 4 00.0 
5 3. 3 6. 0 6. ouo. 
6 ' 2 4 l j 3 3 0 u o  

9 4 6 s 5 :-J 0oo 
7 3 4 6 4 3. 0'0.0 

111 4 7 u1 3. 8 0.00 
I0 3 8 9 4 5 0.00 
8 3 6 9 0.9 000 

2191723.253 
2196345.790 
2217265.507 
2221750.406 
2227574.164 
2234026.771 
2244811.054 
2247746.017 
2264149.558 
229417.9.491 
2296935.416 
2300455.716 
2317882.104 
2332406.476 
2344250.362 
2347482.039 
2356835.957 
2365899.585 
2368560.214 
23 I 2359.855 "-7 

2372974.395 
23,91572.560 
2401232.209 
240.36.45.P9'3 
2428247.324 
244684:7;.:367 
2462932.987 
24i7509.l!47 
2484ll51.50.5 
24S8754.36.7 
25013.84.40.0 
25I9730.008. 
25319I7.714 

253.7059.710. 
2541727.556 
2547436.478. 
L A  (177.0.28 
257I76.2.5I7 
257500.4.4U8 
25'76.644.338 

' r '" 

0.308 
0.012 
0.200 
0.012 
0.053 
0.095 
0.0117 
0.145 
0.01'1 
0.089 
0.148 
0.036 
0.019 
0.090 
0.013 
0.034 
0.068 
0.0112 
0.1238 
0.1165 
0.136 
0.011 
0.091 
0. I7,0 
0.022 
0.015 
0.010 
0.197 
0.1'248 
0.087 
a.wu 
0.097 
0..0211 
0.10.8 
0.116 
0'.02:l' 
0..014 
0..06.7 
0..038 
0..020. 

2740.4.207 
212.1564 

2998.7663 
325.3479. 

1739.4837 
1664.9646 
931.2371 

2595.8129 
224.8384 

205.3.9687 
2688.0799 
982.9117 

1282.91191 
1739.4837 
70.4.2140 

11538.1495 
161'6.4530 
206.3014 

2533.7932 
2919.6329 
2490.3540 

142.2785 
19120.7665 
2903.7 460 
1206.92115 
1050.1577 
300.3623 

2042.3106 
2309.7302 
15922.9011 
261  2.37571 
1920.7665 
11311.7756 
20411.7805 
2126.4077 
1'255.911115 
756.7248 

1813.22,34 
1360.2353 
920.1683 

1: A549 
11 3059 
5.8441 

19.4139 
4.3281 
7.0483 
5.7304 

21.5405 
15.9562 
32.0786 
0.4914 
0.0419 

71.7068 
9.0340 

40.4877, 
27.4357 

1.1816 
3.5691 
0.2686 
3.05'06 
0.1207 
9.6574 

20.2743 
0.1882 

63.7149 
19.11211 
119.0025 
0.4816 

42.7282 
6.8665 
0.0876 
0.1086 
1.901:0 
0.0574 
2.6323 
2.2607 
5.9475 

86.2552 
4.7652 
0.1768 

I.4Jq-43); 
4.503(-04) 
1.328(-47) 
7.696(-06) 
6.244(-28] 

2.644(-15') 
2.624(-431) 

9.116(-27) 

2.8716-04) 
7.677(-33) 
9.5386-43) 
4.140(-16) 
8.531(-21) 
6.301c-28) 
9.379(-12) 

5.272(-26) 
5.637(-04) 

2.3116(-46) 

5.6506-03) 
9.323(-31) 
4.201(-46) 
1.5840-19) 
3.7260-17) 

8.808(1-25) 

2.4666-40) 

1.177(-39) 

1.926(-05) 
1.183(-32) 
7.8666-37) 
8.6856-31) 
5.378(-40) 
9.396(-31) 

1.211(-32) 
5'.769(-34) 
2.290(-20) 
1.440(-12) 
4.511(-29) 
5.380(-22) 

1.989(-118) 

4.030(-15) 

W21(1-09); 
8.904C-02y 
1.764(-I0): 

1.522(-06)' 
3.978(,-02) 

2.607(-06) 
5.130(-04)1 

8.3116(-02)1 
1.620(-07) 
1.693(-09) 

4.186(-05) 
1.5786-06) 
2.7130-03) 
6.737(-06) 
3.8476-063 
9.820,(-02) 
5.256(-09) 
3.2796-101 
7.194(-09) 
1.569(-011) 
4.3696-07,) 

7.760(-05) 
2.325(-041 
5.1420-02) 

3.235C-09) 

3.6036-04) 

3.728(-10) 

1.865(-07.) 
2.729(-08) 
4.417(~07) 
6.3836-09) 
4.526(-07) 
1.325(-04) 
1.905(-07) 
1.037(1-07) 
5.4506-05) 
1.988(-03) 
9.958(-07) 
2.593(-05) 
6.1:516-04) 

8.9N(l-04); 
8.429(1-02) 
5.6636-04): 

5..477(-03) 
0.280(-03) 
2.360(-02) 
1:.1184(-03) 

6'.95ll(-O2) 

8.4717(-02): 
3.198C-03) 
11.023(-03)' 

11.292(-02) 
5.729(-03) 
3.6'976-021 
8.261(-03) 
7.2036-03) 
9.1306-02) 
1.390(-03) 

1.505(-03] 
1.035(-01) 
4.2406-031 
71.252(1-04)1 
1.561(-02) 
2.065(-02) 
8.003(1-02] 
3.5086-03) 
2.174(-03) 
4.366(-03) 
lJ.520(1-03) 
4.4346-03) 
1.8411(-02) 
3.589(-03): 
3.088(-031 
1.4816-02) 

5.483(-03) 
1.240(-02) 
2.7376-02) 

2.201(-02) 

6.9556-041 

3.6606-02) 

4.888(!-03); 

3.858(43): 
5.022(I-02)' 

11.397(-0.2); 

5.754(-03) 

9.868(-03)1 

5.537(~0.2) 

1.297(-0.2)' 

2.837(-0.2) 

5.632c-02) 

~ 

5.378(-03) I 

2.764(:-02) ~ 

2.088(-02] 
1.358(-02) 
3.677C-021 
1.655(-02) 
11.541(1-02) 
5.982642) 

4.443(~03) 
6.7080-03) 
6.427(-02) 
1.1720-02) 

2.360(-02) 
2.750(-02) 
5.6816-02), 

6.423(-03) 

4.5716-03) 

1 .075(l-02) 

1.210(-02) 
&.336(-03) 

6.9096-03) 
1.2276-02) 
2.628(-02) 
l.l00(-02>l 
11.016(1-02j 
2.3476-02) 
3.8160-02) 
1.387(-02) 
2.145(-02) 
3.274(-02) 



Transition 1(1200 Kg 

9 3 6 9 2 7 0 1 0  
4 2 3 4 1 4 0 1 1 0  

E3 3 IO 14 2 13 000 
EO. 5 6 9 6 3 000 

9 2 7 10 1 10 000 
5 3 3 5 2 4 000 
4 1 4 3 0 3 0 0 0  

11 G 6 uo 7 3 000 
3 3 0 3' 2 1 010 
4 4 1 5 1 4 0 0 0  
6 4 3 7 1 6.010 
7 4 3 7 3.4  000 
5 2 4 5 1 5 0.00 
4 1 4 :I 0. :T 0.1 0 

Ill 6. 5 U0. 7 4 0.00. 
3 3 u 4 0 4 0.10 

U2 7 6. II 8 3 000 
E2 7 5 E l  s 4 0.0'0 

6. 3 4 7 0. 7 0.10 
2 2 1 I I 0 00,o 

5 1 4 4 2 :I 0.10 
9 6. 4 10 3. 7 0.00 
IO. 5 5 9 6. 4 00.0 
3 3 . 1 3  2 2 0x0 

9 4 5 9 :T 6 010 
E2 5 7 12  4 8. 000 
13 5 8 13. 4 9 0.00 

6 3 4 6 2 , ,  000 
fi:1560r;:Ooo 
6. 4 2 6 3 3 0.00 
4 3, 2 4 2 3' 0.10 

I3 4 10. u4 u 13 0.00 
6 2 4 5 3 3 0 0 0  
22OII10(-J-J 

5 I 4 4 2 3. 000 
5 0 5 4 a 4 0.10 

E2 4 s 12 3 9 0.00 
61 5 6 11 4 7 0.00, 

8. 2 6 8. E 7 0.00 
EO. 3 7 IO. 2 8 0.00 

2586380.182 
2590791.891 
2602481.851 
2818261.548 
2619333.979 
2630959.374 
2640473.971 
2645039.630 
2646587.083 
265'7665.340 
2657699.387 
2664570.784 
2685638.921 
2689141.309 
2689170.032 
2698138.154 
2714161!.593 
2728413.666 
2730190.159 
2773976.526 
2783473.884 
2790947.707 
28,01857.636 
28.07970.466 
2S20925..1179 
2848995.792 
286,4256.1 ti4 
2880025.284 
2884278.88.5 
288.4941.0.40 
2901971.6.83 
2947342.726 
2962IEI.192 

2968748.520, 
2970.800.440 
297:1033.566 
2991473.560 
2997538.796 
2998565.616, 
50.03347.597 

0.173 
0.063 
0.244 
0.039 
0.044 
0.011 
0.011 
0.095 
0.062 
0.016 
0.129 
0.013 
0.0111 
0.090 
0.117 
0.098 
0.206 
0.224 
0.114 
0.008 
0.1 16 
0.037 
0.042 
0.042 
0.168 
0.089 
0.1161 
0.013 
0.012 
0.01 1 
0.052 
0.276 
0.0113 
0.0.08 
0.012 
0.0.81 
0.112 
0..06.2 
o m 6  
0..040. 

2818.3980 
1821.5968 
2327.9140 
16311.3830 
1114.5499 
4116.2087 
136.76117 

2054.3687 
1819.3351 
399.4575 

2309.7302 
842.3566 
326.625'5 

1731.8967 
205'4.3452 
11817.4512 
2522.2651 
2522.2613 
2180.6429. 

42.37117 
1908.0163 
1538.1495 
1631.2455 
1813.7876 
2904.6704 
2205.0527 
2533.7932 
952.9114 
446.6966 
6611.5489 

1908.0IG3 
2327.8837 
503.9681 
37.137.1 

300.3Ei23 
1821.59638 
2505.8679 
1898.0082 
882.8903 

1437.9686 

66.2964 
15.8430 
0.4726 
6.8434 
0.1 742 
8.4864 

30.7215 
2.2430 

10.6126 
0.0201 
0.2041 

43.3807 
5.7894 

29.2361 
6.75.04 
0.0124 
6.6791 
2.2272 
0.2054 

15.3993 
14.8199 
0.0417 
2.3229 
3.3920 

65.4558 
31i.0801 
1.03.587 
30.1032 
6.2551 

10.5528 
II8.1610 
0.151  6 
3.0060 
4.2551 

16.8476 
37.7131 2 
28.1269 
78.8121 
12.7491' 
20.0636 

8.959(1-45] 
3.342(-29] 
4.1110(-37) 
3.134(-26) 
3.714(-118)1 
3.015(-051) 
6.997(-03] 
7.744c-33) 

5.51150-071 
7.945(-37) 

3.636(-29) 

6.6526-141 

8.4626-281 
7.768(-33) 

3.812(-40) 

8.2836-35'7 

I.507(-30) 
9.0406-251 
3.1776-26) 

4.0690-461 
3.3876-35) 
2.535'(-40) 

1.0196-07)i 
4.4856-11) 
1.51146-30) 

7.585(-06) 

3.9016-29) 

3.815(-4'0) 

2. IaO(-os) 

4.473(-29) 

2.232(-09) 

4.188(-37] 
11.302(-08] 
2.555(-01) 

3.399(-29) 
11.233(-33) 

1.570(-14) 

1.974(-05) 

2.101(-30) 

3.347(-23) 

". (.LJ.5(1-EO.j 

9.426(1-07) 
2.476(-08) 
:3.7,32(-06) 

2.344C-02) 
1.7155(-011)1 
1.793C-07) 

1.5:37(-04) 

9.728(-07,) 
2.664(-02) 
2.865(-08) 
1.103(,-03) 
4.532(-021 
1.846(-06) 
1.8146-07) 
9.997(-07) 
6.3056-09) 
6.3206-091 
7.393(-08) 
3.5846-01) 
5.3226-07) 
7.637(-06) 

1.056(l-06) 
4.137(-10) 
6.363(-08j 
6.0286-09) 

2.009(-02) 
4.283(-031 
5.4846-07) 
2.704 6-08> 
F.355(-02), 

3.9196-06J 

9.346(-03) 

3.901:(-01) 
5.8740-02) 
11.0386-06) 
I!. 349  6-07) 
5.983(-071 
8.948(-041 
11.652(-05) 

9.039(C04j 
5.4:Ti(1-0.:1] 
2.19'7(1-0.3) 
7.730(-0.5) 
1.959(-02) 
6.907(-02) 
1.146(-01) 
3.647C-03) 
5.568(-03') 
7. 1%5(-02) 

3.247(-02) 
2.31q-03~ 

8.270(-02J 
6.613(-03) 
3.7030-03J 
5.687(-03) 
l.SlO(-03) 
1.615(1-03) 

1.4216-01) 
2.992(-03) 

4.9736-031 
9.696(-03) 
8.230(-03) 
5.9396-031 
8.384(,04) 
2.974(-03) 

5.870642) 
7.1 li5(-02) 

1.6570-03] 

4.836(-02J 
5.167(1-03] 
2.4636-03) 
6.577(-02) 
13.526(-01) 
9.511(-02) 
6.1716-03) 
3.722(1-03) 
5.409(-03) 
3.364(-02) 
1.242(-02) 

s.sn9(1-03.y 
U.3SA(c02) 
8.56.6(1-03) 
I.G.8@-0.2) 

5.416(-02] 
7..105(-02) 
l/.li31(-02) 

2.76.0(-0.2): 

1.41 8(-02) 
5.557C-02) 
8.894(-03): 
3.643C-02) 
6.019(-02): 

1.149(-02) 
1.447(-02) 

1.566(-02) 

7.401643) 
7.4250-08) 
1.033(-02) 
8.155(1-02) 
1.3676-02) 
1.954(-02) 
1.793(-02) 
1.5086-02) 
5.321(-03) 
1.050(-02) 
7.706(1-03] 
5.180(l-U2] 
5.743(-02) 

1.4226-02) 
4.675(-02) 

9.6496-03) 
5.576(-02) 
8.744(-02] 
6.798(-02) 
3.5816-02) 

1.479(-02) 
3.922(-02) 

1.2xq-02) 

2.307.(-02) 



Transibion T(lI500 KJ 

15 4 12 14 5  9 000 
5 0 5 4 1: 4 000 
8 4 4 8 3 5 0 3 0  
8 5 4 9 2  7  010 
8 3 5 7 4 4 0.10 
5 2 4 5 1 5 0110 
5 4 1 5 3 2 000 

9 3 7 u o . u l o u o o  
2 2 1 1 1 0 0 1 0  
5 :3. 3 5 2 4 OF0 
7 3 5 8. 0 8 010 

14 5 9 14 4 10 000 
10 4 7 9 5 4 0.00 
4 4 0 4 3 1 00.0 
6 1 5 B 0. 6 0.10 
5 1 5 4 0. 4 000 
9 4 5 8. 5 4 0.00. 
5 1 5 4 0 4 0.10 
5 4 2 6, 1 5 0.10 
8 2 6 8 . 1 7 0 1 0  
4 4 u 4 3 2 0.00 
6 2 5 B I 6 0 0 0  
5 4 2 5 3. 3 000 
6 5 2 7 2 5 0 0 0  
7 :I 5 7 2 G 000 
B 4 3. 6 :3. 4 000 

14 3 11 15 2 I4 000 
10: 5 5 I0 4 6 000 

22(-jIfI(-JIG 

7 4 3 7 3 4 0UQ 
11 5 7 110 6 4 0.00 

6 3 4 6 2 5 0 1 0  
10, 2 8 EI 1 11 0.00 

7 4 4 7 3. 5 0.00 
3 2 2 2 1 1 0 0 0  

u2 6. 7 11 7 4 0.00. 
9 2 7 EO. E IO 0.10 
13. 7 7 12 8. 4 000 
13. 7 G I2 8 5 000 

I4 4 Ju u5 u u4 000 

3011981.301 
3013199.593 
3024‘920.029 
3034945.506 
3036348.078 
3037605.104 
3043766.185 
3048899.624 
3051880.708 
5065530.020 
3072608.565 
30714733.516 
31138999.242 
31 26585.2114 
31132326.961 
3135010.989 
3149876.967 
311591148.818 
5160’759.885 
3101j576.457 
416.5532.793 
3I67578.134 
318.2186.80ll 
3183463.594 
n210:3,58. 1II8 
323QL46.4118 
3242105.141; 
3245323.304 

3253324.891 
5275649.UU5 
33.074O.J.OGO. 
33.10494.U76, 
33,23228..60,0 
33,2918.5.20.2 
3331458.390 
3354519.723 
3J9540.2.76.6 
34040.37.769 
3450497.381 
3440256.583, 

0.433 
0.011 
0.1127 
0. 169 
0.339 
0.085 
0.012 
0.04‘5 
0.613 
0.074 
0.139 
0.275 
0.039 
0.065 
0.115 
0.0111 
0.019 
0.097 
0.128 
0. x47 
0.015 
0.0111 
0.012 
0.016 
0.014 
0.012 
0.345 
0.039 
0.1 27 
0.095 
0.07.2 
0.094 
0.086 
0.0.13 
0.012 
0.13.7 
0. I94 
0.270 
0.3’28, 
0.3.84 

2983.3903 
224.8384 

2670.7896 
2818.3980. 
2569.5080 
1922.8290 
508.8121 

1114.5322 
11640.5059 
2024.1526 
2337.4633 
2880.8342 
1477.2974 
383.8425 

2041.7805 
222.0528 

1255.1667 
1:817.4512 
2146.2637 
2490.3540 
382.5168 
447.2524 
5’03.9681: 
7.82.4098 
709.6082 
648.9787 

263  1.2835 
316116.4530 
1634.9671: 
2462.87152 
1875.4618 
2161.2860 
1327:.1176 
816.6942 
95.1759 

2321 .go57 
2705.1396 
2813.5287 
28t3.5122 
263 lI.2689 

1.3618 
39.9373 
17.2661 
0.2240 
2.8420 
5.8178 

21.4268 
0.0542 

14.8797 
8.1968 
0.0707 

35.7516 
8.29,85 
3.71966 
6.4769 

13.5189 
7.5432 

12.8548 
0.0253 

113.4260 
11.3298 
18.0370 
7.0043 
0.0344 

111.0338 
29.6233 
0.1468 

21.4177 
4.21 16 

39.641,5 
3.0218 

29.4571‘ 
0.0514 

12.3673 
5.6980 
9.17161 
0.2152 
3.0798 
9.2526 
0.4322 

2.4U4(I-47] 
2.991(-04) 
3.847C-42) 
9.134(-45) 
7.059(-41) 
8.931(-31) 

3.784C-118) 
1 .097(-os] 

2.298(-26) 
2.3366-321 
2.979(-37) 
9.6796-46) 

9.850(l-07] 
1.241(-32) 

8.163(-24) 

3.3196-04) 
2.412(3-201 

2.8980-34) 
1.221(-39) 
1.034(-06) 

1.3116-08) 

8.0440-121 
7.1260-11) 

5.489(-26) 
2.8216-261 
3.2926-39) 

3.969(-29) 

1.008(l-07] 

5.860(-13) 

7.696(-42) 

4.9444-30) 
1.695(-341 
1.821 (-2l:A 
1.713(-113) 
3.200(-02) 
5.252(-37) 
5.420(-43), 
1!.099(-44) 
1.1!00(-44) 
71.734(-42) 

2.457(l-IlO.j 
1.WI(I-0.1) 
2.335.(-09] 
8.0(34(-10) 
4.852(-09] 
5.087(-07) 
1.333(-021 
1.760(-04) 
3.890(-06) 
2.469(-07) 
2.596(-08): 
5.2116-10) 
1.277(-051 

2.2070-07) 
1.070(-01) 
6.3546-051 
1.1156-06] 
1.047(-07) 

3.3966-02) 
2.1:32(-02) 
1.4226-02) 
1.919.6-03) 
3.259(-03) 
5.061(-03), 
3.2516-09) 
4.819(-06) 
4.224(-061 
1.099(-08J 
7.5700-07) 

3.336(-02) 

8.8116-09J 

9.6916-08) 
3.923(-05) 
1.545(-03); 
2.7756-01) 
3.0786-08) 
1.9696-09) 
9.045(-10] 
9.092(-10] 
3.379(-09) 

- c, - 1. (L( (CO.4 j  
1.1:04(c0.lI) 
1.36.l(C03] 
1.047(-0.3) 
l!.639(-03)1 

6.684(-02) 
5.24q-0’3) 

2.252c-02) 
S.753(-03)1 
4.40’8(-03) 
2.514(-03)1 

1.1976-02)l 
9.469C-04) 

8.575(-02) 
4.3556-031 
1.150(-01i) 
1.801(-02) 

3.639(-03) 
6.5706-03) 

1.9606-03) 
8.6930-02) 
7.742(-02) 
7.021(-02) 

4.889(-02) 
5.483(-02) 
1.5560-03) 

4.2576-021 

9.6650-03) 
9.369(-03) 
2.127(-03) 
6.L71(1-03] 
3.693643) 

4.168(-02) 
I.527(-01] 
2.800(~03) 
1.421 6-03) 
1:.172(-03) 

1.661(-02) 

1.180(-03) 
1.642(-03) 

5.253(c-0.3] 

(.El@k03.] 
6.198(1-03.j 

7.40.8(c-0.2) - . . . .  

7.8.73[-03) 
1.464(-02) 
5.6(36(-02) 
3.1:91(-02)’ 

1:.340(-02) 
1.9296-02) 

9.9471(-03): 
s.91n(-o3) 
2.303(-02) 
6.587(-02) 
1.345(-02) 
7.733(-02) 

1.6826-02) 
1.228(-02) 

6.6‘746-02) 

5.970(-02) 

4.942(-02) 
5.269(-02) 

2.8760-02) 

8.8276-03) 

6.276(-02) 

4.5726-02) 

7.8976-031 
2.0926-021 
2.060(-02) 
9.322(-03) 
1.6626-021 
1.2646-02) 
2.824(-02) 
4.616(-02), 
9.229(-02) 
1.0970-02) 
7.6866-03) 
6.944(-03) 
6.995(-03) 
8.354(-03] 



TaNc 4- 

Transition l(1200 KJ 

3468263.974 
3482398.878 
3494856.587 
3495358.205 
3498248.829 
3509431.283 
3534844.077 
3536666.711 
3538892.918 
3547271.514 
3553520.985 
3566075.414 
3568076.852 
3569620.1 05 
3599641.679 
3606635.514 
3812970.788 
362:3900.400 
3638527.781 
36.39916.8Q6 
5654603.510 
3657072.54.4 
366O7%"7270 
J6"98" IL.287 
36.i4227.1l'iU 
JG8270.8.059 
36.913I5.397 
370.848.U.56.8 
3718095.7U7 
3721502.7:H 
3737021.502 
3.740.9U5.716. 
3.756027.I3.6 
376.273.9.966 
3776068.455 
3797448.282 
379828.l.643 
380.7258.6.25 
3.80.978.8.310 
38.50.892.70.5 

0.172 
0.14'4 
0.085 
0.016 
0.281 
0.020 
0. I46 
0.014 
0.332 
0.074 
0.106 
0.075 
0.086 
0.156 
0.010 
0.Q97 
0.016 
0.1:25 
0.065 
0.1114 
0.0111 
0.089 
u.121 
O.UT6 
0.06.4 
0.024 
O.QE3 
0 .049 
0.075 
0.01 5 
0.022 
0.059 
0,.061: 
0.182 
0.. 118 
0.074 
0.0.12 
0..013. 
0.222 
0.. 5 70. 

2321.8131 
2205.6527 
2282.5896 
1006.1159 
2629.3345 
1360.2353 
2512.2828 
586.2435 

2983.3963 
1724.7054 
2042.7533 
1922.829,O 
1327.I100 
2414.7234 
326.6255 

1693.6499 
885.6002 

22711.7122 
2130.4943 
2318.5399 
325.34.79 

1920.7665 
2024.1526 
927.7439 

1690.6644 
1070.0796 
586.479.2 

2005.917.0 
1874.97,30 
11311.77156 
1218.2312 
2004.t3157 
21126.4077 
2300.6850 
1998.9953 
2271.7122 
4116.2087 
173.3658 

2629.3345 
29.52.3'338 

3.0860 
0.0386 
9.8130 

43.157171 
5.4299 

51.82011 
0.2040 

18.5700 
32.9237 
2.9745 

18.2870 
16.0025 
0.1497 

80.0370 
16.8349 
5.5060 

34.8092 
13.3818 
20.1899 
110.9426 
50.7123 
48.3241' 
8.0879 
3.201'7 

57.1298 
37.0826 
6.1064 
3.5876 
9.5087 

13.7798 
1'5.87.1.7 
1.0.7.21 8 
6.6282 
2.3461 
8.4262 

28.1137 
9.1300 

20.2156 
84.1 528 
0.4183 

5.282[-37] 
3.448(-36) 

1.889(-16) 
2.16361-36) 

8.300(-42] 
5.553Q-22) 
5.596(-40) 
6.85'0(-1,0) 
2.446(-47) 
1.1256-271 
U.210(-32) 
9.0430-31) 
1.830(-21) 
11.8716-38) 

3.4416-27) 
1.4456-14) 
3.211;(-36) 
5.1616-341 
5.9.60(-37) 
8.168(-06) 

7.794(-06) 

9.7546-311 
2.367(1-32) 
3.176(-15) 
3.8366-271 
1.3730-17) 
6.809(-10) 

5.0696-301 
2.0656-18) 

4.564(-32) 

9.900(1-20) 
4.7,50(-32] 
5.989(-34) 
1.135(-36) 
5.859(-32) 
3.2119(-36) 
3.116(-07) 
1.937(-03) 

7 " - 4 7 )  
8.340(-42) 

3.. I4i(1-0.8] 
I.2 /7(1-0.8) 
4.1nq-08): 
3.0811(.-04) 
3.484(-09) 
3.2o2(-05) 
8.093(-09)' 

"- 

8.430(-03) 
2.732(-10) 
2.343C-06) 
2.380(-07) 
5.6526-07) 
4.107(-051 
1.643(-08) 
5.5186-02) 
2.957(-06) 
9.9176-041 
4.6'406-081 
L.285(-07) 
3.3220-081 
5.6226-02) 
5.828(-02) 
2.7726-071 
7.3956-04) 
3.060(-06) 
2.499(-04) 
8.6456-03) 
3.186(-07) 
8.185(-07] 
1.719(-041 
9.387@05) 
3.2296-07) 
1.350(-07) 
3.856(-OS) 
3.3860-07) 
4.7770-08) 
2.9956-02) 
1.721(-011 
3.653(-09] 
3.388(-10) 

2.886(1-03] 
:1.56.9(c0.3) 
3.UU8(cCi3) 

S.6'73(-03] 
3.0(37[-0.2); 

11.641 (-02) 
2.084(-03)' 
6.661C-02) 
8.941 (-041 
8.6N9(-03) 

6.064(-03) 
4.872(-03)' 

11.771 (-02) 
2.506(-03) 
1.079(1-01] 

3.963(-02) 
9.239(-03) 

3.285(l-03) 
4.250(-03) 
3.0320-03) 
1.097(1-01] 
6.226(-03) 
5.174(-03) 
3.7;25(1-02), 
9.456(-03) 
2.847(-02) 
6.9180-02J 
5.4090-03) 
6.861(-03) 
2.614(-021 
2.2546-021 
5.4620-03) 
4.405(-03) 
3.225(-031 
5.565(-031 
3.425@03) 
9.639642) 
1'.495(-0I) 
1.805(-03) 
1.015(-03) 

I.I33(L02): 
1.271(1-02) 
ll.185(1-02) 
4.03ll(1-02); 
s.502(-0:3). 
2.881(-U2)' 
9.607(-03) 
6.097(-02) 
6.121 (-03) 
2.052~-02) 

1.70s(-02) 
3.021(-02)' 

1.515'(-02)' 

1.065(-02) 
7.953(-02) 
2.14.4(-02) 
4.6686-02) 
1.2396-02) 
1.424(-02) 
1.1890-02) 
8.0770-02) 
1.750(-02) 
1.586(-02) 
4.5506-021 
2.191(-02) 
3.948(-02) 

1.6340-02) 
1.857(-02) 

6.3476-021 

3.791;(-02) 
3.5IO(l-O2) 
1.6496-02) 
1.473(-02) 
1.248(-02) 
1.673(-02): 
1.295(1-02) 
7.6770-02) 
9.71;2(-02) 
9.215(-03) 
6.794(-03) 



Table 4"Continuect 

Tmlsridion v,b(MHiz) Unc. Ell(lam") p2S I650 K) I(20U K'j I(800 K) I(115a0 K) 

3844194.052 
3855281.345 
3858098.971, 
3859413.5'115 
3889939.054 
3883936.369 
3906841.074 
3922858.086 
3932072.760 
3941628.78'7 
3949319.439 
395'3481i.889 
:T054345.156 
a9560119.087 
3970997.233 
30770.46. 138 
3981742.623 

0. I49 
0.014 
0.022 
0. I29 
0.122 
0.090 
0.166 
0.0114 
0.127 
0.6119 
0.0117 
0.015 
0.0113 
0.01 6 
0.025 
O.Ql1 
0.133 

2595.8129 
931.2371 

1282.91391 
2000.8630 
2180.6429 
2439.9544 
2688.0799 

757.7802 
2144.0463 
2952.3866 
610.3412 
756.7248 
9.27..'7439 
61:0.1:144 

1122.7085 
79.4964 

1557.8478 

0.0280 
31.6994 
0.041'2 
0.0142 

19.1236 
11.8138 
38.63712 

7.34113 
11.0204 
0.13811 

11.7074 
21.9621 
10.4622 
3.9005 

40.1678 
9.4637 
0.1407 

2.786(-41) 
2.8086-15) 
9.006(-211) ' 

5.4846-32) 

7.5856-39) 
1.009(-42] 
1.440(-12) 

8.526(-35) 

3.1820-341 
7.503(-47) 
2.8956-101 
1.4966- 12) 
3.187(- 15) 
2.9196-10j 
2.870(1-18) 

4.574(-25) 
5.681(-02) 

4.675(-09)' 
7.434C-04) 
5.924(-05) 
3.386(-07) 
9.304(1-08)1 
1.444(-08) 
2.4316-09) 
2.616(-03) 
1.2236-07) 
3.6506-10] 
7.588(-03) 
2.649(1-03] 
2.7Ml(l-04), 
7.608(-03) 
1.909(1-04] 
3.4716-01) 
8.355(-06) 

l.!J33(-03)' 
3.868(-02) 
2.056(-U2) 
5.656(-03) 
4.1 O3(-03) 
2.582(-03) 
1.661 6-03) 
5.367(-02] 
4.450(-03) 
1.041 6-03) 
7.038(-02) 
5.4114(-02) 
3.9816-02) 

2.814(-02) 
1.8406-01J 
1.2906-02) 

71.052(-02) 

9.5963(-03] 
4.750(-02) 
3.392(-02) 
1:.704(-02) 
1.438(-02) 
1.125(-02) 
8.918(-03) 
5.702(-02) 
1.514(-02) 
6.9796-03) 
6.610(-02) 
5.750(-02) 
4.8810-02) 
6.622(-02) 
4.064(-02) 
1.1070-01) 
2.6840-02) 



Tath 5. The Rotahionak Partition Function of  Water Va.plal: 

Temperature &ITS Correcrtion 

9.379 
18.750 
37.5CiO 
50.000 
75.000 

100.000 
U50.000 
200.000 
225.000 
300.000 
400.000 
500.000 
800.U00 

1000.060 
1'500.000 

11.2572 
3.031312 
8.58021 

12.9613 
23.1702 
35. I523 
63.6774 
97.4129 

11:6.01!95 
178.1163 
274.5588 
386.2616 
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Figume 2. Predicted LTE spectra of water vapor from 0.5 - 4 THz for rotational t'empleratllres of 50, 200, 

ROO, md 1500 K1. The column density is the same for all fnur platis. While t,he inkensky is nrtiitrary thH 

scding facton is the  same far all four plots, and so the relative intensities are meaningful. 
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